A generalized sphere decoding (GSD) algorithm is developed. Its application for detecting information symbols in a multi-antenna cellular system with N antennas at the mobile and M N antennas at the base station is considered. GSD reaches the maximum likelihood (ML) performance for both up and down link with a moderate complexity. Introduction: In this letter, we focus on the detection problem of an asymmetrical multi-antenna system. We consider a generalization of the well-known sphere decoder (SD) 1], which is used to decode a cellular communication system with N antennas at the mobile and M N antennas at the base station.
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Notation: Z is the ring of integers. R is the eld of real numbers. The matrix M has entries m ij , M T is the transpose of M and M y is its pseudoinverse. I n is the n n identity matrix. System model: Consider the equation r = uM +
(1) where M is a real m n matrix of rank r = m i n (m n), u 2 Z m , and 2 R n is a Gaussian noise with E T ] = 2 I n . We suppose that M is known and we search u = a r gmin x2S Z m jjr ; xMjj 2 where S is the considered constellation in Z m . I n a m ulti-antenna system u represents the transmitted symbolsand M the transfer matrix of the channel. The lattice representation of the complex system leads to the real dimensions m = 2 M and n = 2 N 2].
When n m, M generates a lattice over Z m , and the considered problem can be resolved by using the SD 2]. The problem is more intricate when n < m , s i n c e M generates only a projection over R n of a lattice in R m . GSD 
The principle of the GSD is to compute (2) over the constellation points contained in the sphere of radius p C centered at the received signal. We start by a zero forcing (ZF) detection = rM y 2 R n , s o w e transform the sphere centered at the received signal into an ellipsoid centered at the origin of R m . W e w ant to solve o ver = ; u the system
where G is a singular positive m m matrix. In Table 1 GCF of G: Consider a singular positive m m matrix G of rank n < m . W e generalize in Table 1 the factorization algorithm 5-3-5 in 3] to singular positive matrices. The GCF ops. Of course the complexity increases for the GSD. Nevertheless one can maintain a polynomial complexity in the lattice dimension and independent of the constituent constellation size. This is due to the changing of the ellipsoid bounds when closer points to the received signal are found. Also, in (5) the values of u n+1 : : : u m making the interval range of u n empty could be automatically discarded. A detailed study of the GSD complexity is under investigation. where E s is the average symbolenergy of the q-QAM when the average bit energy E b = 1 . F or example, for q = 4 and q = 16, E s equals 2 and 10 respectively. Fig. 1 presents the performance of M = 4 a n tennas at the base station and N = 3 a n tennas at the mobile, with uncoded transmitted symbols from the 4-QAM. GSD is used for both up and down link, the uplink results are compared to those of the V-BLAST optimal order detection 4]. In Fig. 1 are also shown the performance of the system M = 6 , N = 5 with 16-QAM. The GSD reaches the ML performance for both up and down link. . When m n the GSD complexity increases considerably, i t w ould be interesting to combine GSD with linear interference cancellation.
